This second part of a four-part series concerned with the development of nonanatomic denture occlusion follows nonanatomic tooth design from the time of Victor Sears' first nonanatomic tooth patent through the mid-
Few topics in dentistry have been debated as passionately as complete denture occlusion. The zealots of both the anatomic and nonanatomic philosophies have approached their fundamental beliefs with a fervor more akin to religion than a school of thought. Victor Sears' introduction of his Chewing Members, in 1922, was regarded as anathema by the profession. The trepidation of his peers was matched by the resistance of artificial tooth manufacturers. 1, 2 However, through his perseverance and experimentation, knowledge and understanding of nonatomic occlusion continued to grow. In 1927, Sears (Fig 1) 3 presented 10 design specifications for nonanatomic denture teeth. By 1935, he had expanded his design specifications to 14, and finally, to 20, in 1952 . 4 During the mid-1930s, the general preference for posterior denture teeth was changing from an anatomic to a nonanatomic design. 1 However, the debate over complete denture occlusion has raged on until the present.
In 1972, the University of Michigan sponsored an International Prosthodontic Workshop to assess all the accumulated knowledge concerning complete denture occlusion. 5 The workshop was attended by some 90 of the most prominent prosthodontic teachers, researchers, and clinicians of the day. Their conclusions concerning complete denture occlusion were inconclusive. They reported that all nonanatomic occlusal designs were based on "certain anatomic as well as mechanical considerations which were thought to be advantageous for retention, stability, and function." 5 They realized that no available occlusal design was based on physiologic concepts because of the scant knowledge available concerning oral function and bone physiology. They called for more research to study jaw function and bone physiology, as well as biomechanics and biomaterials. 5 In the end, selection of complete denture occlusion was, as always, left to the clinician based on his/her knowledge and skill at satisfying a patient's needs.
The purpose of this four-part series is to review artificial tooth designs of the early as well as latter-day disciples of the Nonanatomic School of Denture Occlusion. A search of the dental literature and U.S. Patent Database has revealed a surprising number of nonanatomic tooth designs that have appeared over the past 80 plus years. Most were never commercially available. Others only had a short production period. Many of these teeth, however, enjoyed widespread use and production runs that lasted for decades. Some of these nonanatomic designs exhibited sheer genius, while others bordered on insanity. It has been left to the reader to decide which was which.
The German/Swiss school of nonanatomic denture occlusion Shortly after Victor Sears introduced his Chewing Members, 2 Dr. C.U. Fehr developed the first European design for nonanatomic teeth based on theories of mandibular movement and biomechanics. 1, 6, 7 Fehr's teeth appeared in 1922 and were known as Saxonia-Rationalzähne (Fig 2) 7 . Like Sears' Chewing Members, these teeth were individually ground from porcelain anatomic posterior denture teeth. The literature was not clear as to whether this was merely a design proposal or if these teeth had actually been produced for commercial sales. 1 The occlusal pattern of these teeth allowed lateral, horizontal gliding. They did not, however, allow unrestricted protrusive gliding. Dr. Carl Hiltebrandt, of Essen-on-the-Ruhr, Germany, received a U.S. Patent in 1932 for his 1930 Artificial Tooth design. The maxillary occlusal surfaces were concave while those on the mandibular teeth were convex. The occluding surfaces precisely matched. These mashers must have generated considerable stress to the supporting tissues since they had no sluiceways. Four small indentations were placed in each convex mandibular occlusal surface to "improve the adhesion of meat particles between the teeth." 8 No record has been found of American production or marketing of these teeth (Fig 3) .
Another interesting early German nonanatomic tooth design was Dr. C. Hiltebrandt's Teleform Zähne. These porcelain teeth first appeared in 1933 and were manufactured by Vita Zähnfabrik 1, 7, 9 ( Figs 2 and 4) . The occlusal surfaces of the maxillary teeth formed a shallow 'V'-shaped sulcus, while those of the mandibular teeth dropped away buccally and lingually, forming a central ridge. When set, the opposing occlusal surfaces of these teeth were in very intimate contact. Their few shallow sluiceways offered little space for the escape of food undergoing mastication. Teloform Teeth offered unrestricted protrusive gliding. Due to the low angle of the buccal and lingual occlusal inclines, these teeth offered reduced resistance to lateral horizontal gliding. Sears felt that these teeth, at least in principle, resembled his Chewing Members. 1 In 1936, Dr. Hiltebrandt developed a more advanced nonanatomic tooth design. His porcelain Vita Abrasion Teeth 1,9 were also produced by Vita Zähnfabrik (Fig 5) . 9 The maxillary teeth had cutting ridges that completely surrounded the occlusal surfaces with additional buccal-lingual cutting ridges traversing them. The mandibular teeth also had cutting ridges encircling their occlusal surfaces, with mesial-distal central cutting ridges on the bicuspids and 'x'-shaped cutting ridges traversing the molars. These teeth were not flat. Maxillary occlusal surfaces were slightly concave, while those of mandibular teeth were slightly convex. Design objectives were to increase shearing efficiency while minimizing occlusal forces necessary to cut through a bolus. Sears thought that this design was superior to ones with buccal and lingual planes. 1 Craddock, on the other hand, criticized these occlusals, along with their accompanying convex buccal surfaces, for resulting in mandibular dentures with unnecessarily bulky contours. 9 In 1929, the eminent Dr. Alfred Gysi, who was discussed at great length earlier in this series, introduced his Cross-bite Posterior Teeth. 1,9-11 Dr. Gysi well understood the difficulty of using anatomic teeth (e.g., his 33°Trubyte Teeth) to treat patients with posterior crossbites. Gysi and Clapp (Figs 6 and 7) 12, 13 reported that 60% of the edentulous patients Figure 8 Cross-Bite Posterior Teeth were probably the first commercially available lingualized teeth. The mandibular teeth were 33% smaller than the maxillary and 40% smaller than Gysi's 33°anatomic teeth. The maxillary teeth had no buccal cusps (courtesy author's collection). seen in the clinic at the University of Zurich, during the early 20th century, had posterior crossbites. 1, 10, 11, 14 This, of course, was primarily due to the normal resorption pattern of edentulous jaws. Dr. Gysi's purpose with this design was to better control dislodging forces generated in crossbite situations, as well as develop a tooth form that was easier to set in these instances. In his paper, Gysi pointed out the advantages of his mortar and pestle design. Later, both Brenner 15 and Payne 16 agreed that the mortar and pestle effect helped prevent shifting of denture bases commonly seen where anatomic teeth had been used to treat crossbite situations. Gysi's Cross-bite Posterior Teeth were probably the first commercially available teeth to produce a lingualized occlusion (Fig 8) . In 1935, the ever-inventive Dr. Gysi introduced another artificial tooth design, which, though cusped, had the appearance 1 of nonanatomic teeth. These teeth had prominent cutting ridges with deep spaces between them for food clearance. The second molars were disproportionately small. 1, 9 Even though these teeth appeared to be nonanatomic, they had 20°cusps, and directed forces in a manner similar to anatomic teeth. Craddock compared the appearance of these teeth to that of natural, posterior teeth that had suffered years of attrition. 9 Many considered this design by Gysi to be an intermediate occlusal form lying somewhere between anatomic and nonanatomic teeth. Consequently, there has been some Dr. Herman Schroeder finalized the design for his Kuppel und Maldenzähne in 1929. These teeth also produced a mortarand-pestle effect. Rounded elevations on the occlusal surfaces of mandibular teeth loosely fit into cupped out depressions in the opposing maxillary occlusal surfaces (Fig 11) . 7 These teeth prevented lateral horizontal gliding. It has not been clear whether this was merely Dr. Schroder's design for modification of porcelain anatomic denture teeth, or if these teeth had actually been produced commercially.
Early American and British nonanatomic tooth designs
Dr. E. Byron Kelly designed his porcelain Masticators in 1928. These saw-like teeth released the bolus in a protrusive position while trapping and cutting it as the teeth returned toward centric relation (CR). This design was intended to assure stability by restricting tipping and/or dislodgement of the maxillary denture. It has not been clear in the literature who manufactured these teeth; however, Kelly, in a personal correspondence with Sears, revealed that Masticators were originally produced in porcelain, but by 1939, were also made available in acrylic resin 1 (Fig 12) . 17 Victor Sears introduced his Channel Teeth 18 in 1927, but was not granted a patent for them until 1928 (Fig 13) . Just a month earlier, Dr. L.H. Sprinkle 19 was granted a patent for his nonanatomic tooth design (Fig 14) of 1926. No evidence has been found that suggests these teeth were ever produced commercially; however, this was still a time when most of the profession was appalled at the thought of nonanatomic teeth. It was also a time when the denture tooth manufacturers were very resistant to create new molds.
Bruce W. and Samuel K. Avery, of Goodland, Indiana received a patent in 1931 for their 1929 Artificial Tooth design. The low-pitched inclined planes of the occlusal surfaces probably allowed effective grinding of the bolus. They created large sluiceways, which penetrated the occlusal surfaces and exited the buccal and lingual axial surfaces, thereby directing masticated food toward the vestibules. This novel approach undoubtedly reduced occlusal pressure but created a significant accumulation of food 20 (Fig 15) . In 1930, the Avery Brothers introduced their Scissor-Bite Teeth, which were designed to shear food on the mesial edges of the maxillary posterior teeth as the mandible closed in CR 1, 21 (Fig 16) . Their design was based upon the belief that shearing generated less occlusal force than grinding. They held that denture patients should be trained to masticate on both sides simultaneously and further that they should distribute the food over the entire chewing table. Sears agreed that shearing certainly was less stressful to supporting structures than grinding or crushing, but disagreed that patients could easily be trained to simultaneously chew on both sides. Though the Scissor-Bite Teeth allowed unrestricted lateral gliding, they did obstruct protrusive gliding due to the anterior-posterior interlocking of their occlusal surfaces. It was not clear in the literature whether or not these teeth were ever marketed.
The innovative Rupert Hall of Chicago was perhaps the most prolific designer of articulators during the 20th century. In the course of his research and development efforts, he too designed a flat-planed nonanatomic tooth form with inverted cusps 1, 9, 10, [22] [23] [24] [25] (Figs 17 and 18 ). It has been apparent in the literature that Hall and Sears were rivals of sorts, where each offered Figure 14 Dr. L.H. Sprinkle was granted a patent for these porcelain nonanatomic teeth in 1928. Although this was certainly an advanced design for the time, no evidence has been found that suggested they were ever commercially available.
criticism of the other. Hall claimed that Sears' Channel Teeth were still cusped teeth that prevented lateral horizontal gliding. Sears, on the other hand, observed that Hall's Inverted Cusp Teeth looked suspiciously like molars produced by Claudius Ash and Son's Company of London some 70 years earlier.
Hall designed his teeth specifically for shearing. Unlike the Avery Brothers' teeth that sheared in CR, Hall's Inverted Cusp Teeth sheared foodstuffs during horizontal jaw movements. The molars had two circular horizontal ridges, while the bicuspids had one. Since these teeth were flat and free to glide, unrestricted in all directions, the circular ridges acted like revolving discs that formed a series of cutting edges at their points of intersection. Though these teeth were efficient at shearing, masticated food was not easily cleared from the mandibular inverted cusps. Hardy 10 also criticized Hall's teeth for this problem. He pointed out that they lost their shearing efficiency as soon as the inverted cusps became impacted with food. Nonetheless, Hall's porcelain Inverted Cusp Teeth enjoyed significant popularity and were produced well into the 1970s by Coe Laboratories. 1 Hall was granted another artificial tooth patent in 1952 for what appeared to be occlusal metal inserts. These inserts, however, were not incorporated into the teeth to reduce occlusal forces or increase chewing efficiency. They were employed as an anchorage mechanism to better attach teeth to the denture base as well as to structurally reinforce the cusps. The tubular inserts extended completely through each tooth and were exposed on the occlusal surfaces 26 (Fig 19) . Dr. Harry C. Berry of Little Rock, Arkansas was granted a U.S. Patent in 1934 for his design of a porcelain, flat-planed, nonanatomic occlusal form 27 (Fig 20) . These flat-planed teeth allowed unrestricted gliding in all directions. The most prominent occlusal feature was a bold occlusal ridge that formed a broken or zigzagged cutting blade across a quadrant once the teeth had been set. When the maxillary and mandibular teeth were occluded, the maxillary and mandibular ridges came together to form multiple intersections where food was very efficiently sheared. The remainder of the occlusal surfaces formed broad sluiceways for the escape of masticated food. This was actually an excellent, well-thought-out design; however, no evidence was found in the literature concerning manufacturing and/or marketing of these teeth.
Sir E. Wilfred Fish, known for his writings on Complete Denture Therapy, designed a nonanatomic tooth form of his own in 1934 1, 9, 28, 29 (Figs 21 and 22 ). 1,29 Fish's porcelain teeth were known as Nutec Diatorics and were produced in London by the Dental Manufacturing Company. The main objective of this design was to direct closing forces perpendicular to the supporting ridges. These teeth actually started out as an anatomical form that had been significantly modified to conform to Dr. Fish's theory of occlusion. The molars were narrowed. The second molars were disproportionately smaller than the first molars. The anterior-posterior and medial-lateral cusp angles were nearly flat. These teeth produced an occlusion equivalent to a flat-planed occlusion. The Nutec Diatoric Teeth allowed unrestricted gliding in all directions. George P. Phillips was another innovative American pioneer in articulator design. His best-known instrument was the Occlusoscope. Phillips also held a U.S. Patent for the Central Bearing Point. In 1934, he introduced a nonanatomic tooth design where mandibular molars had a low cusp angle, and the mesial lingual cusps were replaced by a flat surface. Maxillary molars had low angled, mesial lingual cusps that functioned on the flat mandibular surfaces. The maxillary buccal cusps were essentially flat; the U.S. Patent drawing illustrated how balance and control of the occlusal forces were achieved by these teeth (Fig 23) . 30 Phillips Teeth, like all other artificial teeth from that era, were fabricated from porcelain. There is no evidence in the literature that these teeth were ever commercially available. designed for both cutting and mashing. Dr. Nelson's intention was to reduce occlusal forces by increasing chewing efficiency (Fig 24) . Dr. Nelson fabricated and marketed these porcelain teeth himself.
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Conclusion
Part II of this series on nonanatomic tooth development has explored the first one and a half decades of this paradigm shift in denture occlusion philosophy. Virtually all of these designs for nonanatomic teeth were intended to be set in bilateral balance. Occlusal plane orientation and establishment of the curves of Spee and Wilson were accomplished conventionally. The angle of the eminence on a semi-adjustable articulator follows this design evolution from the 1950s through the end of the 20th Century.
